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(57) Abstract: A method for deuteration or tritiation of a heterocyclic ring, characterized in that it comprises allowing a heterocyclic 
compound to be present under a sealing and refluxing condition in a deuterated or tritiated solvent in the presence of an activated 
catalyst selected from among a palladium catalyst, a platinum catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel catalyst 
and a cobalt catalyst. The method allows a deuteration or tritiation temperature to be kept at a temperature higher than the boiling 
temperature of the solvent, which results in the replacement of a hydrogen atom in a heterocyclic ring of a heterocyclic compound 
with very good efficiency. Further, the method can be widely used for the deuteration or tritiation of various types of heterocyclic 
compounds being decomposed under a supercritical condition or an acidic condition, and thus can be used for efficient deuteration 
or tritiation of a heterocyclic compound in a commercial process. 
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So 

*IT^S„ 

mM^T Z>4k&Wl&m7kmib? (Tetrahedron Letters 43 (2002) 23 
25 89-2392) , @EI#S7jcR^«7K^T — * > b , jSBSlf&#TT?fc3$i 
8lt* : ^£'fb"&<t&£M*3fc'ffc*$"5:#fe (Chemical Society Reviews, 1997, vo 
lume26 401-406) „ ?-ise)7j<^^X "CMtB v 5 ^ AMSffl V>> lOOt 



WO 2004/046066 




CT/JP2003/014181 



-^mmm^^t ^i^m^m^miht^m (Chero. Commun. , 2001, 367-368 

fttf&m \z?£ % t v> o mm& l t ^ z> . 

^fiTfcmfbS^fc^ffi-r^fiflC^D jgb^^^m (freeze-pump) T£<h^5 
25 ^^BJfc^ViT, mTkmhteit^VT-V (D) XtehU^A (T) CD 
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mmm&^'rz^umTti.Tfe, mn, ^.mm^, wtmw^, mnm^ 

l ^S^rfS ^«7 7>i, ft7x>l, tfp-;«, 2H- 

tro-^at. Kny>i, i-trpu>at. fcrnus^swso^nat^fci^ 

5»». fc!9l/-;m, K9l/U>». 8-K9!/U>». fcr5l/U5»St*© 
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5 it^5, -stomal, e>n^o 

—m%mmmtVT\z, m^.u^>vy^>m, ^cv^>vy^>m, 1-^ 

-rv-f>F-;Vm, ^>F'Jy>l, ^f>F>J>f, -f V^>FU>a 2H- 

^^.^>^5^;-jh, ^>y?7y-jn, iH--r>^y-;v^, 1,8 

>:r>St, 7it>h'Jy>i, 7^'J^>1^0^Dgf§l^tt§l 

^U^^>S, U-7it>hDiJ>i, 1,1 
0-7it>hP'J>i, 5=-T>M^>m, 7xy^-f>l, 7i7^^ 
>m, 7x/^7y>i, 7xty>l^©AfDlf$2oft5tiSf 
20 iJ#tf&n§, 

, t;;1/*«, x;i/7i;s, tf^^yas, * x 7 ^ / 

25 ^xfecfc^, r;i^;«, 7J^r;n, 7U-m t;1/3 
7U-;i/t*yS> 7U-WI, t;i^;ux;1/ 
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5 *l£o 

1-2 0, l?$Kttl~15, <fcDfff;L<fci:l~~l<K HfC$?£L<tel 

-ryyPtf;i/», n-y^;i/S, -fV^M, sec-;/^;^ tert-^^ 
10 n-^>3=-;p&, -f v^>^;«, sec-^>^;VK, tert-^^l^ 

^^>5P;«, n-^^;^ <y/\^s/;i/», 3-^^;i/^>^;«, 2-* 

x n-r^JH, n-'>>5 e >';i/S, n-F^^l^ n-h'JfyM, n-^h^^ 

20 )vm, ^zu^^p^i/jim. ispnxzpy'^jvm. ->^p;tfym 

tlt^S, »^^m^2~20, l?Sl<{i2~10, «fc^^^L<«2~6 

, ^v^d^m, 3-:/^x;«, 

s?x-;vx, 4-^>^n;i/«, 3-^>^-;i/*, 2-^>^n;i/S, i-^>er- 
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JVm, i,3-^>^xx;i/g, 2,4-^>^^i-jh, l.i-^^w-yn 
^-Jl&. i-x5P;u-2-:/n^x;«, i,2-^^fjH-^n<-M, 
;1^-i-^t-x;vs, 5-^-fex;v^ 4^^t-M, 2-^-fex;i/*, 
^•fe^;i/^, i-^^;i/-i-^\^Fiz:-;i/S, 2-^^;w-2-^\^-k-;i/*, 3-^^;i/ 
5 -i,3-^^rit^x-;i/S, 2-^^5 : -x;i/S, 3-/*x;i^4 

-x-fex;i/g, i-Fft~JH> l-fh7TtzjH, l-A+D-xt-JH, 1 
-t^^Tt-;H, i-fnt-;H, 1-: ^ n^o^xji/^ 1-^2 
^x;i/g, u->^o^>^^irjH 1 i-'>^ n^\^r-fex;i/S, 2-v'^n^s 

J;D$f*b<«7~ 1 5 5 ft, «*tf^>^i, 

7x-JK^yJH, 7i-JK7fJH, 7i-W^M 4 7 x 
20 x;|//x;i/g, 7x^Jl/jyjH > 7x^Ft^S, 7x-JK>f^ 
7i^b'JfyJH, 7xZJ^ h7ryJVS, 7x-K>^tv^ 
S< 7x"JKWTyJH, 7x-JK7 , ^ryJH, 7 acx;V^-^ 

;i/S> 7x^;tTy;n, 7x-jH3i/jn ( tyf^x^^s, ^-7 
^)V7°u\d)vm, ±y^-)vy^)vm. ±y^)V^>^)vm, y-y^-jv^^jv 
25 y-y^)V^\y^jvm. ±y^)V^ry^)vm, y-y?-)Vy y-y^-)V 
•xv-^S, ±y^)V^^^)Vm, ^y^)Vy>^zy)V^. t7^hUT^JV 
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j-y?-)V-(n*y)Vm, 7>hUJPX^S, T>V^)Vy°U\i)Vm, T 

5 7>hUJH'T^H, 7>h'J;i/^>T^H, 7>hU;Vh'Jri/ 

7>h'j;Vfh7TyM, 7>h'JM>^fv'JH ) 7>h'JJK 
^it^v-^S, 7>h'JjK^f^JH, 7>h'j;i/t^^r^m T> 
h'JJWtr^S, 7>h'JM3>'jVS 1 7xt> h U^XfjH, 7 x 

10 , y x ± > h u;i/^\^ >-;i^ 7it>h'JJK^s > 7xt>h'JM 
7it>hu^y-M, 7xt>hu;^>M, >-x:h>hu 

;i/ Hf^Jl'S, :7x:h> b U;i/ T 7>^5>;V*, 7xt>hU;H'JTy;H, 
7xt>h'J^rh7T>'M, 7xt>hUM>^fy;H, 7x:l->h 

15 -xS/^s, 7xt>h'JJWtf^JH, 7x^> h u ;w n>-;u^#^tf 

~2(K »*b<tti~i5, J;0^SK(J1~10, Ml£*?£b<tei~ 
20 ^ V7"n tr^^-^v'S, :/h^>S, -fVT'W+yS, sec-:/ 

^y*^)^*^. ^y^-jv^^-^m, j~)v**><m. "r^fr**^, v 

25 y'Jl/^+y^ 7 try^t^yS, < p v'jl/rt^ry'S, p^\^->;i/^-^- 
5s ->y- n^^l/rt^y'S* D^y^l^+y-g, n J 7-7^)^^ 
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^>^;i/^^-s, ^s^^ai, a-^ji^a-as, 

h'JfyJ^tS, fh7f'>;^tS, ^^rit^v-^^^-S, ^-^^ 

<tti^6©feo*tin(f&n, jytwcrau M7L&*^)\sX)i*-)\,m. x^ 

jvx;!/*-;^ n-^n tf;ux ^fv^aif;^j^-m n -y 

vn+^px^x;^ tert^^^x;^-;^ ^y^i/x;!/*-^ 

g> -t^^-)V7,)]/T^-)Vm. /-J^il/^-JH, ^^UX^tfcx;^ ^7> 
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5 3t#t3ft§C 1 ~ 2 0, jf$Kiil~15, iDj?^L<ttl~10, 
~)l>&, "risJVXJly 4 -JIM, 7>TyJl/X^7^z;H ( 

7x-^^7^^s, ^y^)VX)Vy 4 y> h V)V7,)iyj -)V 

20 S^^tf^tl-§)o 

y )v*)vn>y.y j yiiuttt, ^7^ ymcDTkmm^o 1^x1*20^ 

, mx\-£*?-)i*7,y j 1^77^1, n-y°u¥j\,*xyj ;i 
, y yotf;i/5jsX^^ n-7fWX7^;i, ^7^*7>7^ 7 

25 \Qvi-y^)v^y,y ^ ^>mx7>f;s, ^^)v^7,y^j 

^7>7^/S, FT^*X7>f;i, ^by^^Jlfrxyj /s, ^> 
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S« y ^x^l^x?^ yg> n->;i/7^7>^^ y*. □^>^;1/tJn^ 7 
5 7°n tf;i/^7,^^ y7"Dm^7^;i, x^;v^^->;i/^x^^ y 

y7W7 7^/l, A7 , fJV^5 : ;i/*X7^yS, y ^ 
T.^yS, fyJM^*X7^/S, FTyJHWX7^S, y^ 

10 ;i/x^;i/^x DA+y^a t?;p*x y ^n^s/ 

15 >hu'MX7^;i^wf^ns, 

20 -f;i/*, i , 77*f;i/ilN7 7^7<M, tert-^^;i/^y;^^ y-f;i/^, ^> 
^^^77^7^;^ ^^^^77^7^^!, ^y°^)i-fcxy j y -r ;v 
^5P;U7frx:7^ y-r;ws, ;-;^7 7^;^jh, Tisfrftxyj s 
-f FTyW7 7^7-fjn, h ^^->;i/^^^^ y-r;i/^ 
T'>;^7 7^7-r;n, ^^r^^^^^x ^-r y-r ^y^^v^^x 

25 ^^y-r;i/«^ y tfy;i/*7 7^ y-r;u«, -r ^^jv^xy^ y ^ 

7 1 W77^7^;n, ^y^;i/^x^^ y-r ;ps, x^;uy ^;i/tkx 7^ 
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y°u y-r;i/S> x^i^n^s^**:^ /-r;i/g, -jy^-jv^x 

-i )vm, ^^jv^^jv^xy 4 /-r;i/*, F^i/jijL^jv-fcxy 4 / -r 

* m?L\£y x.~)\>-fcx yj J * -sy ^-)\,-fcxy 4 /-f 

X\t*^)lT=i ym, n-7n tf;i/T ^ -ryyntf;i/T 

n-7*^7 5;S, -fV7*^7 5 7l, tert-r/^^T ^ / 1, ^ 

20 , A>^ryJV7 5/I, ^^^iyJVT 5. J A7*^ryJl'7$yS, / 
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5 75;i, ^^x-;i-r ^ t7^7$;s, r> v vats. 

1, $?2;b<te2~15, J;0lftU<tJ2~10 1 HlC$?£L< &2~6 (D 
n-ya \* )],**$/% )Vi£~)vm. n-yh + -»!jj^-M, tert-y 

20 i/& W\**/)\,#3ri/%)],tf-)\,&, z/2 U^r^^-)V^r^r^tl )V 

*s2u^7??z/)v** 5 sft)\,tf-)\,mmifim\ibtiz><, 

25 o 
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1. $?£b<te2~l 5, «fc VP? £L< 1 0, W.\Z&& V < }* 2 ~ 6 <D 

— n-yn tf ^^v-x;!/*-;^, n-^h + yXM^JH, tert-^ 

7'J-JmyX;V*rjH(!:bT}t il^iitfc 7 ~ 1 5 , $?£U<te7 
15 ~ 1 1 <D*><D&mtf StU *#:#H£te, mX\Z7 3i is X )V*-)U&, 

o 

; i/ * > ®? s 5fe & xs ^ m m ts ; v # > ^ a & © & © & m e> n ^ . 

Sb<a^it2~l 5, J;D$f*L<«2-l 0, Mfc$f i; b < 2 ~ 6 © 
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15 fi*07->MtbT[t 1^1(6-14, £Fi;b< 1 0 <D?b<Difi 

20 7 C -0-*tig^ b fc 7 >i ft 5(5 (D 7 y Jl/ 1 ^ ^# & n § , # 

0, 0SL<te2~l 5, i;0$f^b<«2~10, ICff*L<»2~6© 
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ltelXM>ift*©7y;i/t+ylt na, sc«jk. 
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~)l>£s 7U-;WS, 7^3*:/*, 7'J-Wv;l, t;p 

, 7'J-j^7^s ( 7^^*X7^;^m, 7'J-;^x7^;-f 

7W7^/S, 7'J^757S, T^n^*;^-;^ ru 
-)V***s}})ViS-)Vm. T)\>U3rlsX)V*~)Vm, 7'J-jP^y^JW- 
7^l/SW7i/;^+yS^f tT^T^i^giSibTii, MX 

UT)v*)vm : T)if-)im, 7)\,*-)vm, 7u-;n, 7jcts, r;^* 
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xer~;«, 2-yntf-;H, 2-^>^x;p», 2-/ x;i/-3-y=Px;«, > 

5 tfe>ti3o 

f;^;i/;\ ,; &^;n, n-yu^juxji/^^-i jim. <i y y n tf^^^/t^E-r ;u 
10 l, n-^^;i/^;i//t^r-r;i/«, y ^^;I/*;1/7\*^e<;vs, tert-:/rP;i/#;i/ 

^A^e-r ^^;u^d tf;i/^;i/A^-r;!/»^ i^^u tf;p^j ;va^-t 

20 jp/tt-r jh, ^^i/^^^T^A^e-r ;i/S> t^I/^^i^jwa^e-ous 
, h'^i^x^i/^i/A^E-r ;«> ^^p^^^I/tj^a^;^ xep 
#^5^;^^ A n^>^;p^^;i/^;i/A ; e-r;i/«, 

25 *:-r;i/S#^tf e>n^ 0 
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^il^Ttt 0!I;U£75V:y>\ T^y7j;^>, ^7;^>, 3^ 

> a 7 Jc (D 2 o) > MXttm** ;-)V. Ii^;-jK «-fy^n 

/W-;K Mtert-:/^/-;K m^>^/-;k a^\*iry 

«-\y^y-;y, a***/-;K fi/^/-;^ fi^#/-;K a* 

^oi*;n>ii, «A«i7th>, i^;nwhx 
y:/>;i^h>, li?iwi>>, a> ? ^pif;i/^h> > a>Myynt?;p 

a**»#teff*b^«b©iUT*jf&ti, azK**thU5 t ^AfiD»-&tett, m 
(t 2 o) ^s^jfen*. 

a**fcan&*iitt, »^*©— 3«±07K*jR^azK*-fbanT^* 

*^>K»Ttt*;i/#^i/;i,ai©**M^^a**^$nTvm«*«9i© 
a**flsartfefciejit,#s*t, ^+©**«^T*ja**fls*nfc*)©*t 

azfc*fb$n^»«E©^att, #^g^^Bj©a 7 jc^Yb^ii^^-r<^-s 
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o 

*Bfc*i;THr»6n*fi«:»j|oA«:«ibm w^a^^^n-f 

;K s?x^;i,x~^;w $m V :/n if ;vx-f;K ifiWfJU-fJk te 
rt-y^;w;*^;i,x-er;K i,2-s>* h^>x*>, 1,4-5?;*-* 

10 5?kFnt?^>, f h7kHD77>U©i-fm «A«'\^lf> 

*y-;K ^y*/-;K y 

RSI. M;tfc£x-feh>, y ^^x^JV^r h > % ^wy^Whx 5?x 

sttfcsnfc, /i7^>)AjSJiii, d^^a^ 
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is v^ib (£it, mz rmrnvtmi tuEtsct^s. ) ^u^ult 

Wbt§,!:^5II^Ig$I$-r, Chem. Commun. , 2001, 367-368 

f-fE^^nTV^^&^C^flft^C (freeze-pump) &|R K> MT t fc')M$£?3i 
25 i#fe^Stb)in 0 
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£ tt/t 9 5? £ Aftfc^R^e Aiktt3QCfiP * b < , ft ^ AMW £ b V> 

f* o fa <d *> © tf e> n & . 
20 « iffi<D%<D&mtf sns, 

ttfcfflttSnT^fcVifcfcjfc* r^IMIj £IMB-r* 
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MM<£>m&?£ Ltd 1,5— a^^xXCODK >^>^U^>X-tz: 
hXDBA), tflfU^XBPYK 7xt>hDU>(PHE), ^>y~hU;U (PhC 
N) , -rVv-Tnh* (RNC) > h UX^T^v-XAsCEOg), T±^JVT J tb 
±MacacK i^.^^^7x-M^7^> (P(CH 3 ) 2 Ph) , y7i~^ 
*X7^7xDt> (DPPF) , hU*^;P*X:7^ >(P( C H 3 ) 3 ), h U X? 
JI^X?^ XPEt 3 ), h U tert-^^;i/7i>X^^ XP'Bu 3 ), hUy^UA^^ 

;i-**:7^ >(pcy 3 ), hu* h*^**^ xp(och 3 ) 3 ), huih + y^ 

7^ XP(0Et) 3 ), hUtert-.^b^^^x^^ >(P(0 l Bu) 3 ), hij7i-W 
X^^>(PPh 3 ), l,2-EX(^^ar-;i,^7 > ^^ y)X^>(DPPE), h U ? x / 
=^v^X^^ XP(OPh) 3 ), o-h U;i/^X^^ XP(o-tolyl) 3 )^(D#a*X^ 

teA^>"j7Afl«, M^k£PdO^<DmfcA^<j7£M^ M*J£PdBr 2 , PdCl 2 
, PdI 2 ^©AD^><b/l7^^AM^, M^^A^^^7AT-fe^-h(Pd(0Ac) 
2 ), A°^>^j7A h U 7J^D7i!T- f (Pd(OCOCF 3 ) 2 )^CDA°^^^A^^^ 
mm* M;U£Pd(RNC) 2 Cl 2 , Pd(acac) 2 , i^Tir^- h fcf X ( h U 7 xx;i,*x 
XA^^»j7A[Pd(0Ac) 2 (PPh 3 ) 2 ], Pd(PPh 3 ) 4 , Pd 2 (dba) 3 , Pd(NH 3 ) 2 Cl 2 
, Pd(CH 3 CN) 2 Cl 2 , ^^nDtfX(^>yxhU;V)A^^^7A[Pd(PhCN) 2 Cl 2 ] 
, Pd(dppe)Cl 2 , Pd(dppf)Cl 2 , Pd[PCy 3 ] 2 Cl 2 , Pd (PPh 3 ) 2 Cl 2 , Pd [P (o-tolyl) , 
] 2 C1 2> Pd(cod) 2 Cl 2 , Pd(PPh 3 ) (CH 3 CN) 2 Cl 2 ^©@H{4^{C@H<i$tlfeA^^r> 

e^^IHiI©^MJtlTtt, fllAfcJTPU M^.^Pt0 2 ^<9lHfcfi£/§«, 
M;tfc£PtCl 4 , PtCl 2 , K 2 PtCl 4 ^0Apy>{bS^MI, M*-fefPtCl 2 (cod), P 
tCl 2 (dbaK PtCl 2 (PCy 3 ) 2 , PtCl 2 (P(0Et) 3 ) 2 , PtCl 2 (P (0' Bti) 3 ) 2 % PtCl 2 (bpy) 
, PtCl 2 (phe), Pt(PPh 3 ) 4 , Pt(cod) 2 , Pt(dba) 2 , Pt(bpy) 2 , Pt (phe) 2 ^(0@B 

□ ^7A^Si!l|OM^IibT}i, M;U;£Rh, M^.«RhCl (PPh 3 ) 3 #o@a 
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^T-^A^ilc^M^bTIt 09*fcrRiK 0}j7tfcfRuCl 2 (PPh 3 ) 3 # 

5 MA.^NiCl 2 ^(DADy*>-fb-^>r;i,M^, M*.fc£NiCl 2 (dppe) , NiCl 
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